Aim:
Insect pest infestation is the major limiting factors for commercial cultivation of cabbage. Diamondback moth (DBM) is the most notorious insect pest responsible for yield loss of cabbage in most of the cases. The objective of the present study was to evaluate some new insecticides having different novel mode of action against this pest.
Field experiments were conducted at C-Block Farm, Bidhan Chandra Krishi Viswavidyalaya (BCKV), West Bengal, India during 2011-12 to 2013-14. The field experiments were laid out in randomized block design comprising eight treatments including control with three replications. The treatments . pyridalyl 10 EC, indoxacarb 14.5 SC, chlorfenapyr 10 SC and chlorpyriphos 20 EC were applied twice at fifteen days interval. Pre-treatment counts of DBM larvae were recorded from randomly selected 5 tagged plants/plot, and subsequently post treatment observations were recorded on 1, 7 and 14 days after each spraying. Coccinellid complex and spiders were recorded during each observation after spraying. Healthy cabbages (weight basis) were recorded separately from each replication for yield data.
Chlorfenapyr @ 200 g a.i. ha was effective in reducing mean larval population of d (1.21 larvae per plant) with 85.81 % reduction over untreated control. Next best treatment was pyridalyl @ 150 g a.i. ha with 82.71% reduction followed by indoxacarb @ 150 g a.i. ha (78.44% reduction). Recommended doses of pyridalyl (75 g a.i. ha ), indoxacarb (75 g a.i. ha ) and chlorfenapyr (100 g a.i. ha ) were also found to be effective treatments in reducing the larval population of diamondback moth. Highest costbenefit ratio (1:10.94) w a s r e c o r d e d i n p y r i d a l y l a t recommended dose (75 g a.i. ha ) followed by chlorpyriphos @250 g a.i. ha (1:10.90).
Chlorfenapyr, pyridalyl and indoxacrb were found to be effective insecticides against diamondback moth. P y r i d a l y l a n d indoxacarb were found to be relatively safe insecticides towards coccinellid beetles and spider population in cabbage ecosystem. 
Introduction

Materials and Methods
Cabbage ( var.
Linn.) is a major winter vegetable grown all over India. In India, the area under cabbage cultivation was 4.00 lakh hectare and production of 90.39 lakh tonnes with an average productivity of 22.6 MT ha , as well as 5.5 % share to the total national vegetable production during 2013 -14 (NHB, 2015 . Insect pest infestation is the major limiting factors for commercial cultivation of cabbage. Diamondback moth ( L.), web worm ( Fab.), cabbage butterflies ( L.), cabbage head caterpillar ( Zeller), aphid ( Kalt.) and flea beetle ( spp) attack the crop regularly. Among them, diamondback moth (DBM) is the most notorious pest which is responsible for yield loss of this crop in most of the cases. The problem is acute in areas where vegetables are grown extensively throughout the year (Joia 2005) . In India, Krishnamoorthy (2004) reported a 52% yield loss on cabbage due to diamondback moth (DBM), whereas Lingappa (2006) reported that the yield loss caused by this pest varied from 31-100%. The overall management cost for diamondback moth is estimated at US $ 4-5 billion annually (Zalucki 2012). To control this pest, insecticides have been used indiscriminately, resulting it has developed resistance to every synthetic insecticides used against it in the field (Telkar 1990) . In India, the first report of insecticide resistance development in the diamondback moth was in 1966 around Ludhiana, Punjab, against DDT and Parathion (Verma and Sandhu, 1968) . After that the moth has developed resistance to about 82 compounds belonging to different classes of insecticides and in 17 countries (Furlong 2013) . In view of the above, the present study was undertaken to evaluate some new insecticides having different novel mode of action against this pest.
Field experiments were conducted at C-Block Farm, Bidhan Chandra Krishi Viswavidyalaya (BCKV), Kalyani, Nadia (22˚58 60 N latitude, 88˚28 60 E longitude and at an altitude of 9.75 m from MSL), West Bengal, India to evaluate the bio-efficacy of some new insecticides against larvae of diamondback moth on cabbage during 2011-12 to 2013-14. Field trials were conducted on medium high land with sandy loam soil having almost neutral pH. The climatic condition of the experimental site was typical to new alluvial zone of West Bengal. The field experiments were laid out in randomized block design (RBD) comprising eight treatments including with three replications.
First spray was applied at 40 days after transplanting and repeated after 15 days of first control The treatments viz. pyridalyl 10 EC {75 (T1) and 150 (T2) g a.i./ha}, indoxacarb 14.5 SC {75 (T3) and 150 (T4) g a.i. ha }, chlorfenapyr 10 SC {100 (T5) and 200 (T6) g a.i. ha } and chlorpyriphos 20 EC {250 (T7) g a.i. ha } ETL level of 2 larvae/plant (Uthamasamy , 2011) .
were sprayed when pest atta ned i spray. Insecticides were applied with pneumatic knapsack sprayer using spray volume @ 500 litres ha . Pre-treatment observation was recorded by counting of diamond black moth larvae from randomly selected 5 tagged plants per plot one day before, and subsequently post treatment observations were recorded on 1, 7 and 14 days after each spray. Coccinellid complex and spiders were recorded during each observation after spraying. Healthy cabbages (weight basis) were recorded separately from each replicated plot at the time of harvest for calculation of yield and cost-benefit ratio. Cost-benefit ratio was calculated based on the market price of insecticides, wages for spraying, market price of produce at the time of experiments. The data on pest and natural enemy's population were transformed into square root values { (X+0.5)} and then Duncan Multiple Test Range (DMRT) was done to compare the mean using SPSS 17.0 version.
The effectiveness of insecticides against larval population of diamondback moth (DBM) is depicted in Table 1 . During first year, it was noted that there was a significant difference among the treatments in reducing the population of DBM in cabbage. Minimum mean larval population was recorded in double dose of chlorfenapyr (1.26 larvae per plant) treated plots followed by pyridalyl @ 150 g a.i. ha treated plots with 1.27 larvae per plant. Recommended doses of insecticides revealed that pyridalyl was effective treatment against target pest with1.89 larvae per plant followed by chlorfenapyr (2.14 larvae per plant) and indoxacarb (2.64 larvae per plant). The conventional insecticide, chlorpyriphos was not much effective as newer insecticides but significantly superior over untreated control plots (9.74 larvae per plant). During second and third year of experiments, significant differences were noted among the treatments and all the treatments were found to be effective against the larvae of diamondback moth. The efficacy of the insecticides during second and third years showed similar trend that was found in first year experiment. Cumulative mean larvae was lowest in chlorfenapyr @150 g a.i. ha treated plots (1.21 larvae per plant) followed by pyridalyl @150 g a.i. ha (1.47 larvae per plant) and indoxacarb @150 g a.i. ha (1.83 larvae per plant). In case of recommended doses, lowest number of larvae (2.00 larvae per plant) was recorded in pyridalyl treated plots which was at par with chlorfenapyr (2.07 larvae per plant) and indoxacarb (2.59 larvae per plant). Chlorpyriphos treated plots recoded relatively higher number of larvae (2.80 larvae per plant), but it was statistically significant over untreated control plots (8.50 larvae per plant). In the present experiment, chlorfenapyr was effective insecticide against diamond back moth. It is a pyrrole group of insecticide having insecticide-miticide properties. It acts as pro-insecticide on the mitochondria which ATP production thereby causing cellular death and organism mortality. The results of the present study may be corroborated with the findings of Zhang
. (2001) based on LC value. In the present findings, chlorpyriphos showed relatively low efficacy which may be due to the development of resistance against this insecticide Presence of bacterial communities in the gut of diamondback moth may confer the insecticides resistance. Degradation of acephate by , and isolated from diamondback moth may play a role in the development of insecticide resistance (Ramya 2016).
Cumulative marketable yield of cabbage and economics of pest management is presented in Fig.1 and Table 2 . Highest marketable yield was recorded in chlorfenapyr @ 200 g a.i. ha treated plots (65.90 t ha ) followed by pyridalyl @ 150 g a.i. ha (65.71 t ha ). There was no significance differences between two (recommended and double the recommended) doses of pyridalyl, indoxacarb and chlorfenapyr against yield of cabbage (Fig. 1) . Among the insecticidal treatments, chlorpyriphos recorded lowest yield (51.16 t ha ), however it was significantly difference from control plots (39.06 t ha ). Recommended doses of all insecticides were found to be effective in term of benefit-cost ratio. Among the recommended doses, highest benefit-cost ratio was Sontakke ., 2016 et al recorded in pyridalyl (10.94) followed by chlorpyriphos (10.90), indoxacarb (9.92) and chlorfenapyr (9.66). To best of the knowledge, literatures on benefit-cost ratio for most of the insecticides were not found against target pest of cabbage; therefore, this study might be useful for selecting cost effective insecticides for the management of lepidopteran pests of cabbage. The present findings may be evaluated with related works on other crops with these insecticides. Conventional insecticide, chlorpyriphos showed high cost benefit ratio after pyridalyl; it may be due to low price of chlorpyriphos as compared to other insecticides. Jagadish (2009) reported cost: benefit ratio of chlorpyriphos was 1:12.53 for the management of defoliators and capitulum borer of sunflower. Rudramuni (2011) reported maximum cost: benefit ratio in methomyl (1:2.68) followed by chlorpyriphos + cypermethrin, profenofos + cypermethrin and indoxacarb in cotton. Karabhantanal and Awaknavar (2004) reported that indoxacarb had the highest expenditure and lowest cost: benefit ratio for management of tomato fruit borer, Effect of insecticides on coccinellids population is presented in Fig. 2 . In the year of 2011-12, Pyridalyl (75 g a.i. ha ) and indoxacarb (75 g a.i. ha ) were relatively less toxic towards coccinellids with 4.56 and 4.67 coccinellids per 5 plants, respectively, whereas in control plot it was 6.78 coccinellids per 5 plants. On the other hand, chlorfenapyr (200g a.i. ha ) and chlorpyriphos showed highly toxic effects to coccinellids. Similar trend were also observed during second and third years of experiments. Among the tested insecticides, chlorpyriphos was
H. armigera. most toxic towards coccinellids followed by chlorfenapyr, whereas indoxacarb was moderately toxic and pyridalyl was less toxic against coccinellids. Literatures regarding toxic effects of these insecticides against coccinellid beetles are very scanty. Pyridalyl was less harmful than existing insecticides to various beneficial arthropods (Sakamoto 2004 and Isayama 2005) . El-Khouly and Omar (2002) revealed that chlorfenapyr was moderately effective either in controlling the insect pest or in its side effect on the associated biological control agents, namely , and inhabiting sugarbeet fields, while Seal (2006) reported that spinosad was slightly harmful and chlorfenapyr was moderately harmful to sp. predators in chilli ecosystem. Pedroso (2011) also reported that chlorfenapyr, chlothianidin and imidacloprid/ beta-cyfluthrin were toxic to pupae and adults. Adverse effect of chlorpyriphos on coccinellid beetles may be compared with findings of many workers (Pasqualini and Civolani, 2003; Ahmad 2008 and ElHawary 2010) .
The impact of insecticides on spider population is depicted in Fig 3. Pyridalyl @ 75 g a.i. ha showed higher spider populations with 2.22, 2.72 and 2.00 spiders per 5 plant as compared to others treatments during consecutive years, respectively. Minimum spider populations (0.78, 1.28 and 0.72 spiders per 5 plants) were found to be recorded in chlorpyriphos treated plots followed by chlorfenapyr @ 200 g a.i. ha during first, second and third year of experiments, respectively. Among the insecticides, chlorfenapyr at double dose and chlorpyriphos demonstrated highly toxic effects on spider population, while pyridalyl and indoxacarb were found to be relatively less toxic towards spider population. The effect of chlorpyriphos on spiders may be corroborated with Stark and Crawford (2005) and Seetharamu (2006) who reported high toxicity of chlorpyriphos on spider species. High toxic effects of chlorpyriphos on spider population has been previously reported (Wang 2009 and Mustafa 2011) . The results are in agreement with the study of Mahmoud (2011) who reported that ChallengerReg. 36% SC (Chlorofenapyr) caused the highest reduction of spider. Girish . (2012) also reported the negative effect of chlorfenapyr on spider population in rice. Mukherjee (2011) reported that the predatory fauna namely ground beetle and spider were not significantly affected at different dosage of indoxacarb as compared to monocrotophos. Safeties of pyridalyl over existing insecticides to various beneficial arthropods has also been reported (Sakamoto 2004 and Isayama 2005) .
In the present study, it was observed that chlorfenapyr was most effective treatment against larvae of diamondback moth followed by pyridalyl and indoxacarb. However, highest costbenefit ratio was recorded in pyridalyl at recommended dose followed by chlorpyriphos. Regarding safeties to natural enemies, et al., et al., C. undecimpunctata C. carnea Paederus alfierii et al. Cryptolaemus et al. Cycloneda sanguinea et al., et al., et al. et al., et al., et al. et al et al. et al., et al., chlorpyriphos and chlorfenapyr showed high toxicity towards coccinellid beetles and spider population. Considering efficacies, cost effectiveness as well as adverse effect on natural enemies, the present study conclude that pyridalyl may be recommended for effective management of diamondback moth with less adverse effect on natural enemies in cabbage crop.
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